Purpose To report the visual and anatomic outcomes in eyes with macular oedema (MO) secondary to central retinal vein occlusion (CRVO) that were switched from either intravitreal bevacizumab or ranibizumab to intravitreal aflibercept. Methods Two-center retrospective chart review. Eyes with MO secondary to CRVO that received a minimum of three intravitreal injections of bevacizumab or ranibizumab and were switched to intravitreal aflibercept for persistent or recurrent MO not responding to either bevacizumab and/or ranibizumab. Results In all 42 eyes of 42 patients were included in the study. The median visual acuity before the switch was 20/126, 1 month after the first injection of aflibercept 20/89 (P = 0.0191), and at the end of the follow-up 20/100 (P = 0.2724). The median CRT before the switch was 536 μm, 1 month after the first injection of aflibercept 293.5 μm (P = 0.0038), and at the end of the follow-up 279 μm (P = 0.0013 compared to before the switch). The median number of weeks between injections before the switch was 5.6 and after the switch was 7.6 (Po0.0001). Conclusion Converting eyes with refractory MO due to CRVO to aflibercept can result in stabilization of the vision, improved macular anatomy, and extension of the injection interval.
Introduction
Recent advances in the pharmacologic treatment of macular oedema (MO) from central retinal vein occlusion (CRVO) has resulted in a dramatic improvement in visual prognosis. Therapeutic options were historically limited, as the Central Retinal Vein Occlusion Study (CVOS) failed to demonstrate the benefit of macular grid laser for MO. 1 During the last 5 years, new treatments have demonstrated efficacy and safety in several multicenter randomized controlled clinical trials. These treatments include intravitreally delivered corticosteroids, as shown in the SCORE trial 2 and the GENEVA trial, 3 and intravitreal injections of agents against vascular endothelial growth factor (VEGF). Ranibizumab, a humanized, affinity-matured antibody fragment against all isoforms of VEGF-A, has been shown in the CRUISE trial 4 to provide rapid improvement in visual acuity (VA) and MO after CRVO. Studies have also demonstrated positive results with the use of bevacizumab, 5, 6 the parent molecule of ranibizumab, which has been used off-label as a cost-effective alternative to ranibizumab. Anti-VEGF agents are associated with a more favorable safety profile compared with intravitreal steroids with respect to intraocular pressure and cataract, and thus are first-line treatment for MO due to CRVO by most retina specialists.
The eyes enrolled in the CRUISE study experienced significant improvement in their VA with an average gain of 14.9 letters at 6 months 4 and 13.9 letters at 12 months. 7 However, 23.1% of eyes had persistent oedema (defined as central retinal thickness (CRT) greater than 250 μm) at 6 months 4 and 22.3% at 12 months. 7 Bhisitkul et al 8 reported that eyes that responded early to treatment with ranibizumab in the CRUISE study (CRT at month 3 of 250 μm or less) tended to have better visual gains over 6 and 12 months compared with eyes that exhibited a late or incomplete response.
More recently, aflibercept, a decoy fusion receptor protein comprising key domains of human VEGF receptors 1 and 2 with immunoglobulin-G Fc 9 has been added to our armamentarium for eyes with MO after CRVO. It binds all isoforms of VEGF-A, VEGF-B, and placental growth factor (PIGF), and its efficacy and safety have been established in the GALILEO 10 and COPERNICUS 11 trials.
Aflibercept was approved by the FDA for use in CRVO with MO in 2012. Since then, retina specialists have been offering it as a treatment option in patients with MO as first-line treatment or in those who did not respond to treatment with ranibizumab or bevacizumab. 12 The purpose of this study was to examine the visual and anatomic outcomes in eyes with CRVO and MO that was refractory to treatment with ranibizumab or bevacizumab and were switched to aflibercept. Eyes that were included in the study had prior treatment for MO secondary to CRVO with a minimum of three intravitreal injections of either bevacizumab (1.25 mg/0.05 ml) or ranibizumab (0.5 mg/0.05 ml) and then switched to intravitreal aflibercept (2 mg/0.05 ml). The eyes were switched to aflibercept for persistent MO or if they had recurrent oedema that initially resolved after treatment with bevacizumab and/or ranibizumab and later on did not respond to repeated injections of the same agents. The identification of eligible eyes was done through billing records at Massachusetts Eye and Ear Infirmary and Harvard Vanguard Medical Associates with the ICD-9 code for CRVO as the search criterion (362.35) for patients seen from September 2012 (date aflibercept received FDA approval for MO in CRVO) up to September 2014.
Materials and methods

This is
Treatment schedules, injection intervals, and injection techniques were at the discretion of each retina specialist.
The parameters measured at each visit were nonstandardized Snellen VA and CRT with optical coherence tomography (OCT). The VA before the switch was the acuity measured the day that the patient had the first injection of aflibercept. All Snellen VA values were converted to logMAR for statistical analysis. The CRT was measured from the thickness map of a spectral domain OCT platform. The two platforms utilized were the Cirrus OCT by Zeiss (Carl Zeiss Meditec, Dublin, CA, USA) and the Spectralis OCT by Heidelberg (Heidelberg Engineering, Heidelberg, Germany). Patients were imaged with the same imaging modality on every followup visit. Regarding the injection interval data, the mean injection interval before and after the switch was calculated for each patient and these values were used for the subsequent statistical analysis.
Statistical analysis was performed with the Prism software by GraphPad (La Jolla, CA, USA). All values were checked for normal distribution with the D'Agostino and Pearson omnibus normality test. Median values with range are reported in data distributed in a non-Gaussian manner, and mean values with 1 standard deviation are reported in normally distributed datasets. The Wilcoxon paired signed ranked test was used for the comparisons of injection intervals. VA data were analyzed with the Friedman test and the Dunn's post hoc test to correct for multiple comparisons. OCT data were analyzed with the Kruskal-Wallis test and the Dunn's post hoc test to correct for multiple comparisons. Categorical data were analyzed with Fisher's exact test. Missing values were not imputed. The level of statistical significance was set at 0.05. Previous steroid injections,* n (%) 3 (7) Scatter panretinal photocoagulation, n (%) 10 (24) Capillary non-perfusion, n (%) 3 (7) Iris and/or retinal NV, n (%) 7 (17) Previous injections, median (range)** 7 (3-26) Follow-up in months pre switch, median 
Results
Demographics and baseline characteristics
Forty-two eyes of 42 patients were included in the study. Sixteen (38%) patients were female and 26 were male (62%). The mean age of the patients was 69.8 years (+/ − 13.8). Forty-one eyes had a CRVO and one eye had a hemiretinal vein occlusion. Fourteen (33%) patients had diabetes and six (14%) of them had concurrent mild nonproliferative diabetic retinopathy. The median duration of symptoms before the patients had any treatment was 1.25 months (0.23-12). The data are summarized in Table 1 .
Treatments
Prior to the switch to aflibercept The median number of intravitreal injections prior to the switch to aflibercept with either bevacizumab or ranibizumab was 7 (3-26). Sixty-six percent of the injections before the switch were bevacizumab and 34% ranibizumab. Thirty patients (71.5%) had partial response of the MO after bevacizumab and/or ranibizumab (11 patients received only bevacizumab, 4 patients received only ranibizumab, and the remaining 15 patients received both agents, median number of injections 6.5), while 4 patients (9.5%) exhibited no response at all (2 patients received only bevacizumab, 1 patient received only ranibizumab, and 1 patient received both agents, median number of injections 4.5). In eight patients (19%), the MO initially resolved but later recurred and did not respond to repeated injections of the same agent (five patients received only bevacizumab, one patient received only ranibizumab, and two patients received both agents, median number of injections 11).
Ten eyes (24%) had prior panretinal photocoagulation for capillary non-perfusion (3 eyes, 7%) or retinal and/or iris neovascularization (7 eyes, 17%). Three eyes (7%) had prior intravitreal triamcinolone injection(s) or intravitreal dexamethasone implant(s) (Ozurdex, Allergan, Irvine, CA, USA). The median duration of follow-up after the first injection of bevacizumab or ranibizumab before the switch to aflibercept was 12 months (3-53.5).
After the switch to aflibercept The mean number of aflibercept injections was 7.4 (+/ − 4.7). The median follow-up after the first aflibercept injection was 14 months (3-22.2).
Injection interval
The median interval between injections before the switch to aflibercept was 5.6 weeks (4-18) and after the switch was 7.6 weeks (4-23) (Po0.0001, Figure 1 ). No eye after the conversion to aflibercept required more frequent injections than before the conversion.
Complications One eye had a vitreous hemorrhage 2 days after a bevacizumab injection that resolved without additional treatment. No patient had any other adverse event associated with the injection procedure or the treatment medication.
Visual outcomes
The median VA before the switch was 20/126 (logMAR 0.8, range 0.3-1.6), 1 month after the first injection of aflibercept 20/89 (logMAR 0.65, range 0-1.6, P = 0.0191) and at the end of the follow-up 20/100 (logMAR 0.84, range 0-1.6, P = 0.2724 compared with before the switch). The eyes achieved statistically significant better VA after one injection of aflibercept that was not sustained at the end of the follow-up (Figure 2a) . At 1 month after the first injection of aflibercept, 6 eyes (14%) had worse VA than before the switch, 14 eyes (33%) had the same VA, and 22 eyes (53%) experienced an improvement. Similar rates of acuity change were seen at the final follow-up visit. Eight eyes (19%) had worse VA compared with before the switch, 16 eyes (38%) remained stable, and 18 eyes (43%) had better VA (Figure 2b , P = 0.66).
Anatomic outcomes
The median CRT before the switch was 536 μm (246-1003), 1 month after the first injection of aflibercept was 293.5 μm (185-713) (P = 0.0038), and at the end of the follow-up was 279 μm (171-927) (P = 0.0013 compared with before the switch). The median thickness at the end of the follow-up was not statistically significantly different than the thickness after one injection of aflibercept (P40.99) (Figure 3 ). Nineteen eyes (45%) had persistent intraretinal and/or subretinal fluid at the end of the follow-up. Fifteen of 23 (65%) eyes without oedema at the end of the follow-up had attenuation of the ellipsoid zone on the OCT. Seven of 23 eyes (30%) also had significant thinning of the retina (CRT less than 200 μm).
Discussion
Aflibercept has recently been added to our treatment options for patients with MO after CRVO. Eyes enrolled in the COPERNICUS trial 13 gained 17.3 letters at 6 months after six monthly injections of aflibercept, and similar results were reported in the GALILEO study. 14 These effects were maintained after additional as needed dosing at 1 year 15 and 18 months, 16 respectively. Aflibercept has higher binding affinity for VEGF compared with ranibizumab or bevacizumab, 9 which is an attractive feature for eyes that do not respond to treatment with ranibizumab or bevacizumab. Bhisitkul et al 8 demonstrated that eyes with MO and CRVO can display different patterns of anatomic response to the treatment with intravitreal ranibizumab. They defined as early responders the patients with CRT 250 μm or less at 3 months after the initiation of treatment in the CRUISE study. Late or non-responders had reduced visual outcomes at 6 and 12 months compared with the early responders. More specifically, the late or nonresponders had a gain of 11.9 letters at 6 months compared with 15.9 letters for the early responders and a similar trend was noted at 12 months (10.1 vs 15 letters). The importance of these findings is highlighted when considering that approximately one out of four eyes with MO in CRVO will have persistent oedema at 6 and 12 months based on the CRUISE study results.
In our study, the patients had on average a good anatomic response after the first injection of aflibercept, which was maintained until the end of the follow-up (Figure 4 ). Despite the decrease in CRT, our eyes in this study did not experience an improvement in VA, but rather a stabilization of their VA at the end of the followup. Our patients had statistically significant better VA after one injection of aflibercept, but this was not sustained until the end of the follow-up. Plausible explanations for this phenomenon include foveal damage secondary to the long-standing oedema or retinal capillary nonperfusion in the fovea. These could be true, as 65% of the patients without oedema had attenuation or loss of the ellipsoid zone in the oveal area at the end of the follow-up. In addition, chronic VEGF inhibition has been suggested to lead to retinal degeneration. 17 Similar results with restoration of macular anatomy and no difference in VA were seen in patients with wet AMD who were switched from bevacizumab or ranibizumab to aflibercept for refractory oedema. [18] [19] [20] Eadie et al 12 reported their findings on six patients with MO after CRVO who had persistent oedema after repeated injections with bevacizumab or ranibizumab. Their patients had on average more injections preaflibercept than in our study (17.8 vs 6) . Three out of the six patients had modest visual gains and had improvement in the macular anatomy. The mean followup was 7 months.
Our patients received on average six injections of either bevacizumab or ranibizumab before the switch to aflibercept. There were 14 patients who received less than six total injections before the switch. Although the time for clinically significant VA gain in the CRUISE study was 5.2 months, 21 we decided to include patients in this study with a minimum of three prior injections of bevacizumab or ranibizumab based on the poor visual outcome of the early non-responders reported by Bhisitkul et al. 8 The limitations of this study include the lack of standardized VA measurement, the lack of masking for the VA and OCT measurements, and the relatively small size of the study population. Its retrospective design naturally excludes a controlled environment for this cohort of patients as well as standardization of the treatment protocol. In addition, the CRT measurements are subject to automated segmentation errors as they were extracted from the retinal thickness profile maps of the two OCT platforms utilized. Although the improvement in the VA was statistically significant after one injection of aflibercept, that effect was not sustained at the end of the follow-up. A possible reason could be under-powering as a result of small sample size, as this precludes a more detailed subgroup analysis based on initial treatment, history of panretinal photocoagulation, and/or history of prior intravitreal steroid therapy.
In summary, aflibercept can lead to improvement in macular anatomy with VA stabilization in eyes with MO after CRVO that are not responsive to ranibizumab or bevacizumab. Further larger randomized trials are needed to determine the efficacy of aflibercept in this subset of patients with CRVO.
Summary
What was known before K Bevacizumab or ranibizumab can decrease macular oedema in patients with central retinal vein occlusion (CRVO).
K Aflibercept is the latest agent used in clinical practice for patients with macular oedema due to CRVO.
K Some patients are not responsive or develop tachyphylaxis to bevacizumab or ranibizumab.
What this study adds K We evaluated the efficacy of aflibercept in patients with macular oedema secondary to CRVO resistant to bevacizumab or ranibizumab. Figure 4 A 59-year-old woman presented with a CRVO with MO in her right eye. Her vision at presentation was 20/800. She received one injection of bevacizumab and two injections of ranibizumab with improvement in her vision to 20/80 after 3 months. Her CRT had decreased from 1108 μm at presentation to 816 μm at the 3-month follow-up (a). At this point, we decided to switch her to aflibercept given the significant persistent oedema. One month after the first injection of aflibercept, her vision was 20/20 and the retina was dry (b). She has received another five monthly injections of aflibercept and her vision 6 months after the switch is still 20/20 and there is no MO (c).
